Grids of DOV star models are evolved by WDEC with fixed atmospheric constituent to the spectral values of X C /X He /X O = 50/33/17. The core compositions are from white dwarf models at highest T ef f evolved by MESA. The eigenfrequencies are calculated and used to fit the observed modes. Based on 264.1 hours of photometric observations on PG 1159-035, Winget et al. identified 125 individual frequencies. Costa et al. identified 198 pulsation modes for PG 1159-035 according to the WET photometric data from 1983, 1985, 1989, and 2002. Both of them derived frequency splitting values of δσ l=1 ∼ 4.2 µHz and δσ l=2 ∼ 6.9 µHz. According to the values of δσ l=1 and δσ l=2 , 20 triplets and 9 quintuplets are selected and used to constrain the fitting models. Our optimal model has T ef f = 129000 K, M * = 0.63 M ⊙ , logg = 7.59, log(M env /M * ) = -5.0, and σ RMS = 1.97 s. The values of T ef f and logg are consistent with that values of Córsico et al.. The calculated modes of minimum rate of period change correspond to modes with maximum kinetic energy distributed in the envelope. The observed rates of period change with positive and negative values can also be partially reproduced. In particular, there are negative rates of period change for the calculated modes from our optimal model, which is not found in previous work.
INTRODUCTION
The DOV stars, also known as GW Vir or pulsating PG 1159 stars, are hot hydrogen (H) deficient stars. Something has to have happened to PG 1159 stars during the planetary nebula phase to eject the H-rich layers, leaving behind a helium/carbon/oxygen (He/C/O) dominated atmosphere without exposing the C/O core. Werner & Herwig (2006) reported that the PG 1159 stars probably experienced a late helium-shell thermal pulse leading to the H-deficient atmosphere. Seismology of PG 1159 stars offer clues on this process. The instability strip for DOV stars ranges from 200,000 K to 75,000 K. The logarithm of gravitational acceleration is from 5.5 to 8.0 in centimeter-gram-second system. DOV stars usually have many observed modes, and therefore are good candidates for asteroseismological study. In addition, the PG 1159 stars are probably progenitors of some DBV stars (Dehner & Kawaler 1995) . Therefore, the study on PG 1159 stars is of great significance to the study of the structure and evolution of stars.
In the Palomar Green Survey, a survey to search for ⋆ E-mail: yanhuichen1987@126.com ultraviolet excess objects, the star PG 1159-035 was identified as a faint blue object by Green (1977) . Based on non-LTE line blanketed model atmospheres, Jahn et al. (2007) reported that the effective temperature (T ef f ) was 140000±5000 K for PG 1159-035. The gravitational acceleration (logg) was 7.0±0.5 for PG 1159-035 with stellar mass from 0.6 M⊙ to 0.7 M⊙ (Werner et al. 1991) . Werner et al. (1991) also derived a main atmospheric constituent by mass fraction of C = 50%, He = 33%, and O = 17%. The recent spectral study shows that PG 1159-035 has a detailed atmospheric constituent by mass fraction of C = 48%, He = 32%, O = 17%, Ne = 2%, H 2%, N = 0.1%, and few Fe (solar abundance), Si, P, S, F (Werner et al. 2011 ).
PG 1159-035 was also identified as a pulsating star by McGraw et al. (1979) according to the detection of two closely spaced periods. The star was observed several times in 1983, 1984, and 1985 , and at least 8 eigen-modes were identified (Winget et al. 1985) . For the Whole Earth Telescope (WET) runs in 1989 and 1993 , PG 1159 was the primary target (Winget et al. 1991 , Costa et al. 2003 . For the WET runs in 1990, 2000, and 2002, PG 1159-035 was the secondary target (Bruvold 1993 , Costa et al. 2003 . reviewed all available WET photometric data (1983, 1985, 1989, 1993, and 2002) and identified a total of 198 pulsation modes for PG 1159-035. A rich frequency spectrum with numerous triplets and quintuplets were identified. For the work of model fitting, Kawaler & Bradley (1994) made detailed fits to the 20 observed l = 1 modes identified by Winget et al. (1991) . They obtained a best fit model with T ef f ≈ 136, 000 K, M * = 0.59±0.01 M⊙, log(Menv/M * ) = -2.40, and XHe ≈ 0.27 at the surface. By fitting the observed modes identified by Winget et al. (1991) and , Córsico et al. (2008) derived their best fitting model with T ef f ≈ 128000 K, M * ≈ 0.565 M⊙, log(Menv/M * ) = -1.52, and XHe ≈ 0.42 (C/He/O = 34/42/24, abundances by mass). We try to evolve theoretical DOV star models with fixed atmospheric constituent (XC /XHe/XO = 50/33/17, Werner et al. 1991) . We then make detailed period to period model fittings and perform our asteroseismological study on PG 1159-035.
We show the input physics and model calculations in Sect. 2. In Sect. 3, we perform an asteroseismology of PG 1159-035, including the mode selections, the model fittings, the mode trapping effect, and the rate of period change. At last, a discussion and conclusions are displayed in Sect. 4.
INPUT PHYSICS AND MODEL CALCULATIONS
The White Dwarf Evolution Code (WDEC) is a fast and versatile stellar evolution code designed for cooling white dwarf stars. WDEC does not have nuclear reactions, mass loss, and other previous stellar evolution processes. Depending on the starter model, it evolves hot white dwarf models from the pre-white dwarf phase to the effective temperature we need (Bischoff-Kim et al. 2018) . The effective temperatures of initial input models (∼100000 K) are not hot enough for hot DOV stars. The MESA (Modules for Experiments in Stellar Astrophysics; Paxton et al. 2011) can evolve a star from the pre-main sequence stage to the white dwarf stage. In order to obtain evolved core compositions, the core compositions of white dwarfs evolved by MESA were taken out and added into WDEC to evolve white dwarf models (see Chen & Li 2014 and their recent papers). We take the place of maximum carbon abundance (XC = 0.65 uniformly) as the boundary of the C/O core. The core composition contains the mass, radius, luminosity, pressure, temperature, entropy, and C abundance. The oxygen abundance is XO = 1.0 -XC in the core. We use the core structure of hot pre-white dwarfs evolved by MESA as starter models for WDEC and use them to evolve hot DOV models. The core mass is taken as the relative mass (log(Mr/M * )), so the core composition from white dwarfs evolved by MESA can be applied to white dwarfs of different masses evolved by WDEC in equal proportion. We downloaded and installed the 6208 version of MESA. In a module 'make co wd', a grid of main-sequence (MS) stars are evolved to be white dwarfs, see Table 1 . For example, a 3.0 M⊙ MS star in MESA evolves to become a 0.579 M⊙ white dwarf with a maximum temperature T ef f of ∼139100 K. The white dwarf core mass is 0.548 M⊙ and has a core carbon abundance XC of 0.65. The core is taken from MESA and used as a starter model for WDEC. We define the stellar evolution of 3.0 M⊙, 3.2 M⊙, 3.4 M⊙, 3.5 M⊙, and 3.6 M⊙ as ID 1, 2, 3, 4, and 5 respectively. WDEC calculates the white dwarf cooling process. The equation of state (EOS) are from Lamb (1974) , Fontaine et al. (1977) , and Saumon et al. (1995) . It has EOS tables of nearly pure H, pure He, and pure C. There is no EOS table of pure O. The DOV star PG 1159-035 has an atmospheric constituent of XC /XHe/XO = 50/33/17 by mass, so we need an EOS table of pure O. In the file path 'mesa/data/eosPT data', there is a file named 'mesaeosPT 100z00x CO 0.data'. The file contains EOS data of 50% C and 50% O. By linearly calculating the EOS data of 50% C and 50% O, and the EOS data of pure C, we create an EOS table of pure O. The EOS tables of pure He, pure C, and pure O in WDEC are used to evolve DOV star models. WDEC uses the OPAL radiative opacities, while the conductive opacities are from Itoh et al. (1983) and Hubbard & Lampe (1969) . An updated OPAL Rosseland mean opacity table of pure O (Iglesias & Rogers 1996) was added into WDEC. We evolve DOV models with the spectroscopic abundance of XC /XHe/XO = 50/33/17, and the portion of the stellar model with this composition is designated as the envelope mass Menv. The Ledoux term of the Brunt- Viäsälä frequency is computed taking all three elements into account. We calculate the opacity and EOS for the C/He and C/O mixtures separately and combine them according to their envelope abundances. The stellar mass is set as M * .
We evolve models with log(Menv /M * ) ranging from -2.5 to -6.5 in steps of 0.5 as shown in Fig. 1 . A grid of DOV models was computed with masses between 0.57 to 0.65M⊙ in steps of 0.01M⊙, as shown in Table 1 (the last column). For each evolving scenario in Table 1 , the core of a white dwarf evolved by MESA is used to proportionally evolve white dwarfs of M * = 0.57-0.65 M⊙. The larger the white dwarf mass evolved by WDEC, the higher the effective temperature of the white dwarfs that can be evolved. In Table 2 , a white dwarf of M * = 0.57 M⊙ has a highest T ef f of 121600 K, while a white dwarf of M * = 0.65 M⊙ has a highest T ef f of 144,400 K. The hydrogen abundance is set as infinitely small with log(MH/M * ) = -200. Then, grids of DOV star models are evolved. We numerically solve the full equations of linear and adiabatic oscillation on those DOV star models based on the pulsation code of Li (1992a Li ( , 1992b . The eigenfrequencies can be scanned for the models. They are used to fit the observed modes for PG 1159-035.
ASTEROSEISMOLOGY OF PG 1159-035
The calculated modes are used to fit the observed modes for PG 1159-035. In subsection 3.1, we make mode selections for the observed modes identified by Winget et al. (1991) and according to the frequency splitting values. In subsection 3.2, we perform detailed period to period model fittings on the observed modes. We studied the mode trapping effect and the rate of period change in subsection 3.3. (Table 3 of their paper). They derived an average frequency splitting value of 4.22 µHz for l = 1 modes (δσ l=1 ) and 6.92 µHz for l = 2 modes (δσ l=2 ). The ratio of 4.22/6.92=0.61 agrees well with the theoretical calculations of δσ l=1 /δσ l=2 =0.60. The observed average period spacing is ∆P l=1 =21.5 s for l = 1 modes, and ∆P l=2 =12.5 s for l = 2 modes. The ratio of 21.5/12.5=1.72 agrees well with the theoretical calculations of ∆P l=1 /∆P l=2 = √ 3=1.73. used the available WET photometric data from 1983, 1989, 1993, and 2002 to identify 198 pulsation modes for PG 1159-035 (Table 4 and Table 12 of their paper). They also derived δσ l=1 =4.13 µHz, δσ l=2 =6.90 µHz, ∆P l=1 =21.43 s, and ∆P l=2 =12.38 s. According to the mode identifications of Winget et al. (1991) and , we list the modes of three components for l = 1 modes in Table 3 , and five or four components for l = 2 modes in Table 4 .
There are 41 overtones in Table 3 and 4. We showed the frequency splitting values among components for each mode. According to the frequency splitting values for l = 1 modes (δσ l=1 ∼ 4.2 µHz), 20 modes were selected in Table  3 . The value of δσ l=1 is very large for f1 and f23, and very small for f24 and f25. We did not use them to constrain the models. For the mode of f9, the value of δσ l=1 was very large identified by . For example, in Table 3 of Winget et al. (1991) , there are independent frequencies of 1716. 37, 1719.08, 1720.30, 1724.24, 1726 .59 µHz. In Table 4 and 12 of , there are independent frequencies of 1708.64, 1718.18, 1723.13, 1726.76, 1726.79, 1736.02, 1736 .05 µHz. Therefore, we did not select the l = 1 mode f9 to constrain the models. The values of δσ l=1 are near 4.22 µHz for the modes identified by Winget et al. (1991) . For the modes identified by , the dispersion of δσ l=1 is large. We select the modes of f2-f21 (except f9) from Winget et al. (1991) , and f22 from to constrain the models.
According to the frequency splitting values for l = 2 modes (δσ l=2 ∼ 6.9 µHz), 9 overtones were selected in Table 4. There is a frequency splitting value of 10.60 µHz for f30, 3.18 µHz (11.69 µHz) for f38, 9.58 µHz (4.71 µHz) for f39, 9.26 µHz for f40, and 18.24 µHz for f41. In addition, there are four components for these modes. We did not select these l = 2 modes to constrain the models. There is a frequency splitting value of 9.58 µHz for f35. The component of 1937.87 µHz for f35 was identified as an l = 1 mode by Winget et al. (1991) . Because of the uncertain l, we did not select f35 to constrain the models. There is a frequency splitting value of 8.91 µHz for f36. In Table 3 of Winget et al. (1991) , there are independent frequencies of 1732. 59, 1738.74, 1747.65, 1749 .68 µHz. In Table 12 of , there are independent frequencies of 1743.10 and 1750.73 µHz. Together with the mode identifications for f9 in Table 3 , we did not select the modes of f9 and f36 to constrain the models. The values of δσ l=2 are basically around 6.92 µHz for the mode identifications of Winget et al. (1991) . We select the modes of f26-f37 (except f30, f35, and f36) from Winget et al. (1991) to constrain the models.
A reliable mode identification can effectively constrain the theoretical models. However, the detailed mode identifications are very complex, especially when the adjacent observed modes have large frequency interval dispersion. According to the frequency splitting values, we select 20 l = 1 modes and 9 l = 2 modes to constrain the models. It is a preliminary work to study PG 1159-035. Table 1 . 
The model fittings on PG 1159-035
For each model, the eigenfrequencies are calculated and used to fit the 20 l = 1, m = 0 modes and 9 l = 2, m = 0 modes. An equation of root-mean-square residual (σRMS) is used to evaluate the fitting results, which is calculated by
In Eq. (1), n is the number of observed modes. It is 29 for PG 1159-035. The parameters of optimal models corresponding to each core composition (ID 1, 2, 3, 4, and 5) are displayed in Table 5 . T ef f is from 127400 K to 129400 K, M * is 0.630 M⊙, log(Menv/M * ) is -5.0, and σRMS is from 1.97 s to 2.45 s. The difference of T ef f in Table 5 is less than 1.6%. However, the value of σRMS can be improved by 20%. Different core compositions (ID 1-5) have significant effects on the values of σRMS. We choose the evolving scenario of ID 3 as the optimal core composition. In Fig. 2 , we show the color residual diagram to fit the 29 observed modes. The abscissa is the effective temperature, the ordinate is log(Menv/M * ). The colors show the fitting results. The model of T ef f = 129000 K (ID 3) and log(Menv/M * ) = -5.0 has the smallest σRMS of 1.97 s.
In Table 6 , we show a comparison of the detailed fitting results for model 3 in Table 5 . The 20 observed l = 1 modes are represented by P obs (l=1) and the 9 observed l = 2 modes are represented by P obs (l=2). The calculated Table 6 . The observed l = 1 modes are represented by filled circles. The figure is drawn by subtracting a linear fitting function to the calculated modes from both the observed and calculated l = 1 modes. Table 6 . The observed l = 2 modes are represented by filled circles. The figure is drawn by subtracting a linear fitting function to the calculated modes from both the observed and calculated l = 2 modes.
modes are represented by P cal (l, k). The value of σ is P obs minus P cal (l, k) in seconds.
In Fig. 3 , we show the fitting results for l = 1 modes according to the modes in Table 6 . Based on the optimal fitting model, the radial order k is from 19 to 39 for the 20 observed l = 1, m = 0 modes except the mode of k = 26. A linear function is fitted to the calculated modes of k = 19-39. It is P f it (k) = 21.4384×k + 22.7058. By subtracting the linear function from both the observed and calculated modes, we made Fig. 3 . The observed modes are represented by filled circles. The 20 observed l = 1 modes are distributed near the horizontal zero line. The average period spacing for calculated l = 1 modes is 21.44 s, which is consistent with the average period spacing (21.5 s) from Winget et al. Table 5 . The value of σ is P obs minus P cal (l, k) in seconds. Barstow et al. (1986) and Barstow & Holberg (1990) . The result of ID 2 is from Werner et al. (1991) , Jahn et al. (2007) , and Werner et al. (2011) . The result of ID 3 is from Kawaler & Bradley (1994) . The result of ID 4 is from Córsico et al. (2008) . The result of ID 5 is from this work. (1991) and (21.43 s) . In Fig. 4 (a fitting function of P f it (k) = 12.5062×k + 14.1170), we show the fitting results for l = 2 modes according to the modes in Table 6 . The radial order k is from 26 to 35 except 29 and 31. The average period spacing for calculated l = 2 modes is 12.51 s. It is consistent with the average period spacing (12.5 s) from Winget et al. (1991) and (12.38 s) Costa et al.
.
In Table 7 , we show a comparison to previous spectral and asteroseismological work. With the X-ray spectrum from the EXOSAT observations, Barstow & Holberg (1990) derived an effective temperature of 123000-124000 K for PG 1159-035. With high-resolution ultraviolet spectra, Jahn et al. (2007) reported that PG 1159-035 had T eff = 140000±5000 and logg = 7.0±0.5. The main atmospheric constituent was XC /XHe/XO = 50/33/17 (Werner et al. 1991 , Werner et al. 2011 .
With seed models from post-AGB stars, Kawaler & Bradley (1994) evolved DOV star models by WDEC. Fitting the observed modes from Winget et al. (1991) , they did asteroseismological study for PG 1159-035. They obtained an optimal model with T eff = 136000 K, M * = 0.59±0.01 M⊙, logg = 7.38±0.1, and XHe ≈ 0.27 at the surface. Their models have assumed core compositions of 57%C+43%O, 40%C+60%O, 20%C+80%O, and so on. Fitting 20 observed l = 1 modes, Kawaler & Bradley (1994) obtained a fitting error of σRMS = 1.58 s in Table 3 We evolved grids of MS stars to white dwarfs at highest T eff by MESA. The evolved core compositions are inserted into WDEC to evolve hot DOV star models. The atmospheric constituent was fixed to be the spectral value of XC /XHe/XO = 50/33/17. According to the frequency splitting values for l = 1 and 2 modes, 20 l = 1 modes and 9 l = 2 modes were selected based on the mode identifications of Winget et al. (1991) and . Fitting the selected 29 observed modes, we obtained an optimal model with T eff = 129000 K, M * = 0.63 M⊙, logg = 7.59, and σRMS = 1.97 s.
The atmospheric constituent XC /XHe/XO = 50/33/17 are exactly consistent with the spectral results. The value of T eff = 129000 K and logg = 7.59 are consistent with that of Córsico et al. (2008) . The total stellar mass of M * = 0.63 M⊙ is a little larger than previous work. Kawaler & Bradley (1994) and Córsico et al. (2008) identified the radial order of f6 as 22. identified the radial order of f6 as 20±2. According to our optimal model in Table 6 , the radial order of f6 is 23, being larger than previous work. Kawaler & Bradley (1994) reported that log(Menv/M * ) was -2.40 for PG 1159-035. Córsico et al. (2008) reported that log(Menv/M * ) was -1.52. We obtained a very thin envelope of log(Menv/M * ) = -5.0, as shown in Fig. 2 . This may be due to the use of fixed uniform envelopes with XC /XHe/XO = 50/33/17. It is a preliminary study to evolve hot DOV star models by WDEC with core compositions from white dwarfs at highest T eff evolved by MESA.
The mode trapping effect and the rate of period change
Studying the DAV stars, Winget, Van Horn & Hansen (1981) first proposed that the composition stratified zones modified the wave propagation characteristics. The trapped or partly trapped modes produced. Trapped or partly trapped modes had their own asymptotic period spacings and therefore had minimal period spacings on the whole period versus period spacing diagram (Brassard et al. 1992) . In this subsection, we discuss the mode trapping effect on the DOV star PG 1159-035. In Fig. 5 (Fig. 6 ), we show a diagram of l = 1 modes (l = 2 modes) for period versus period spacing and kinetic energy in the C/O core. The diagram is P (k) versus P (k + 1) -P (k). The minimum period spacings for P (k) are actually in common to P (k) and P (k + 1). The observed period spacings (filled circles) and calculated period spacings (open circles) are from modes in Table 6 . Most of the observed modes are from Winget et al. (1991) . The period versus period spacing diagram for the observed modes is consistent with that ( Fig. 10) in Winget et al. (1991) . According to Fig. 5 and Fig. 6 , together with Fig. 10 in Winget et al. (1991) , there are five l = 1 modes (f3, f7, f10, f14, and f18 in Table 3 ) and two l = 2 modes (f27 and f31 in Table 4 ) with minimum period spacings. In Fig. 5 , the filled circles are basically matched by the open ones, except the modes of f3, f4, f16, and f18. For the calculated modes in C method. The DAV stars haveṖ of ∼10 −15 s/s. For DOV stars, the contraction process of the atmosphere is not negligible. TheṖ is in the order of ∼10 −11 s/s for DOV stars (Kepler et al. 2000) . Based on the analysis onṖ of the 517 s mode (m = 0) for PG 1159-035, reported that theṖ was still controlled by the stellar cooling process. calculated theṖ for PG 1159-035 directly from the observed data and from the O-C method. They obtained the values ofṖ for 27 modes. In Table 8, we list the values ofṖ for 8 m = 0 modes from . The observed rates of period change are from -30.5×10
−11 ss −1 to 18.2×10 −11 ss −1 , with 4 positive values and 4 negative values.
Fitting PG 1159-035, both Kawaler & Bradley (1994) and Córsico et al. (2008) obtained only positive rates of period change. In Fig. 7 and 8 , we show the period versuṡ P diagram for calculated l = 1 and 2 modes. The calculated modes are from models around our optimal model with T eff intervals of 200 K, 400 K, and 600 K. The positive rates of period change dominate the figures, while negative rates of period change also exist. The calculated rates of period change are in the range of -1.1×10
−11 ss −1 to 2.2×10 −11 ss −1
in Fig. 7 and 8. The absolute values of calculated rates of period change are an order of magnitude smaller than the absolute values of observed rates of period change. The l = 1 modes of 412 s, 559 s, 708 s and l = 2 modes of 339 s, 426 s have minimum rates of period change, which are corresponding to the modes with nearly minimum kinetic energy distributed in the C/O core in Fig. 5 and 6. Those modes have maximum kinetic energy distributed in the envelope and the contraction effect of the white dwarf atmosphere is obvious. Therefore, they have the minimum rates of period change in Fig. 7 and 8. In the last column of Table 8 , we list the corresponding calculated rates of period change. The 4 positive values oḟ P direct orṖO−C are fitted by 4 positive values ofṖ cal . The negative value (Ṗ direct orṖO−C) for the mode of 558.4 s is fitted by a negative value. Fitting the other three modes with negativeṖ direct orṖO−C, the calculated values ofṖ cal are 0.76-0.93×10 −11 ss −1 , 0.42-0.94×10 −11 ss −1 , and 0.15-0.70×10 −11 ss −1 respectively. Actually, fitting the 4 negativeṖ direct orṖO−C, the calculated values ofṖ cal have large dispersions among the models with T eff intervals of 200 K, 400 K, and 600 K. This may be due to the fact that the core compositions are from the white dwarf models with highest T eff evolved by MESA.
With the core compositions from white dwarf models at highest T eff evolved by MESA, the DOV star models evolved by WDEC have positive and negative rates of period change. It is consistent with the results showed in Fig. 1 of Córsico et al. (2008) .
DISCUSSION AND CONCLUSIONS
With high-speed photometric observations in 1989, Winget et al. (1991) made detailed mode identifications on PG 1159-035. With all available WET data from , 1985 , 1989 , 1993 , and 2002 identified 198 pulsation modes for PG 1159-035. Both of them obtained the frequency splitting values of δσ l=1 ∼ 4.2 µHz and δσ l=2 ∼ 6.9 µHz. According to the frequency splitting values, we se-lect 20 l = 1, m = 0 modes and 9 l = 2, m = 0 modes to constrain the models, as shown in Table 3 and Table 4 .
A grid of main-sequence stars are evolved to be white dwarfs by MESA. The core (XC = 0.65 as the boundary) compositions of the white dwarf models at highest T eff were took out and added into WDEC to evolve hot DOV star models. Based on an EOS table of nearly pure C from Fontaine et al. (1977) and an EOS table of 50% C and 50% O from data files of MESA, we create an EOS table of pure O. An updated OPAL Rosseland mean opacity table of pure O (Iglesias & Rogers 1996) is added into WDEC. The atmospheric compositions is fixed to the spectral values of XC /XHe/XO = 50/33/17. Then, grids of DOV star models are evolved with M * , T eff , and log(Menv/M * ) as grid parameters. The eigenfrequencies are calculated and used to fit the observed 20 l = 1 modes and 9 l = 2 modes for PG 1159-035.
We obtain an optimal model of T ef f = 129000 K, M * = 0.63 M⊙, logg = 7.59, log(Menv/M * ) = -5.0, and σRMS = 1.97 s. The values of T ef f and logg are consistent with the values of Córsico et al. (2008) . We fix the atmospheric constituent to the spectral values of XC /XHe/XO = 50/33/17. The stellar mass is larger than previous results and the envelope mass is thinner than previous results. With the core compositions from white dwarf models at the highest T ef f evolved by MESA, the calculated rates of period change for the optimal model have positive and negative values. The modes of minimum rates of period change correspond to the modes with minimum kinetic energy distributed in the C/O core and maximum kinetic energy distributed in the envelope. It is reasonable. For the work of observations, identified 4 positiveṖ and 4 negativeṖ for 8 m = 0 modes. The observed 4 positiveṖ are fitted by calculated 4 positiveṖ cal . The observed 1 negativeṖ is fitted by calculated 1 negativeṖ cal . There were only positive rates of period change for previous asteroseismological work.
